PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internationa] Patent Classification 6 : 
V A61K 31/71, 9/00, 9/20, 9/28 



Al 



(11) International Publicati n Number: WO 95/30422 

(43) International Publicati n Date: 16 November 1995 (16.1 1.95) 



(21) Internati nal Application Number: 

(22) Internati nai Filing Date: 



PCT/IB95/00264 



13 April' 1*995 (13.04.95) 



(30) Priority Data: 
,08/239,094 



6 May 1994(06.05.94) 



US 



(60) Parent Application or Grant 
(63) Related by Continuation 

- US U : ■ ••• 
; ^ledon 



08/239,094 (CIP) 
6 May 1994 (06.05.94) 



(71) Applicant (for all designated States except US): YFTZER INC. 
. ■ [US/US]; 235 East 42nd Street, New York, NY 10017 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US ohly)x CURATOLO, William, J. 
[US/US]; 18 Patrick Place, Niantic, CT 06357 (US). FRIED- 
MAN, Hylar, L. [US/US]; P.O. Box 1623, Brattleboro, VT 
05301 (US). KORSMEYER, Richard, W. [US/US]; 51 Sill 
Lane, Old Lyme, CT 06371 (US). LE MOTT, Steven, R. 
[US/US]; 38 Charter Oak Drive, East Lyme, CT 06333 (US). 

(74) Agents: SPIEGEL, Allen, J. et al.; Pfizer Inc., 235 East 42nd 
: Street, New York, NY 10017 (US). 



(81) Designated States: AU, BG, BY, CA, CN, CZ, FI, HU, JP, 
KR, KZ, LV, MX, NO, NZ, PL, RO, RU, SI, SK, UA, US, 
UZ, VN, European patent (AT, BE, CH, DE, DK, ES, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BP, 
BJ, CP, CG, CI* CM, GA, GN, ML, MR, NE, SN, TO, TG). 



Published 

With international search report. 



(54) Title: . CONTROLLED-RELEASE DOSAGE FORMS OF AZITHROMYCIN 

(57) Abstract ' ' ">l ' . 

.;: A contrblled-release dosage form of azithromycin having an improved side effect profile; a process for preparing the dosage form; and 
a method of treating a microbial infection, comprising administering azithromycin in such a controlled-release dosage form to a mammal, 
including a human patient, in need of ^such treatment. '. 



WO 95/30422 




■\ f> QP THE 1NV FN ' 

This invention relates to a controlled-release dosage form ol 
azithromycin having an improved side effect profile, to a process for _ 
faring the dbsage fo^ 

S mammal, including a human patient, in need of such treatment. 
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Azithromycin is the U.SAN, (generic name) for 9a-aza-9a-methyl-9- 
de6xo-9a-homoerythromycin A, a broad '^■'^^J^^,-- 
derived from erythromycin ^ 

Bright, WS. Pat. No. 4,474,768 and Kobrehel et al., U.S. Pat. No. 4,517,359. 
These patents disclose that azithromycin and certain derivatives thereof 
possess antimicrobial properties arid are accordingly useful as antibiotics. 

it is widely known that oral dosing of azithromycin can result in the 
occurrence, in some patients, of adverse ^rt^ (Q0 » : 
such as cramping, diarrhea, nausea, and vomiting. In combined clmlcal 
studies of azithromycin involving 3.995 patients (all dose levels combined) 
9 6% of patients reported gastrointestinal side effects. The most frequent of 
these side effects were diarrhea (3.6%), nausea (2.6%), and abdominal pam 
(2 5%) (Hopkins, Am. J. Med. 91 (suppl 3A) (1 991 ) 40S-45S). 
25 ' > The incidence of gastrointestinal side effects is higher at higher doses 
than at lower doses. For example, a common 5 day course of azithromyan . 
therapy consists of 500 mg on day 1 followed by 250 mg on days 2, 3, 4, and 
5 * For this course of therapy; the reported incidence of various 
- gastrointestinal side effects was 5% diarrhea/loose stools, 3% abdominal 
30 *ain and 3% nausea (Zithromax (trademark of Pfizer Inc.) capsule package 
insert). After a single 1 g oral dose, the reported incidence of vanous ^ 
. - gastrointestinal side effects was 7% diarrhea/loose stools, 5% nausea, and 
2% vomiting (Zithromax capsule package insert). 

It is also known that azithromycin can cause gastrointestinal sider 

35 effects in non-human mammals, e.g. dogs. 
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not more than about 40 mg ot azfthromydn per kg of mammal weight in -, 

the first 6 hours after ingestion. ' .. . . 

The above criteria are herein referred to as the "weight cntena • 
• in a further specific aspect, ihe invention provides an ral delayed 
5 release dosage form of azithromycin, comprising aztthmmydn and a 

ntaaceutlcaily acceptable carrier, which releases not more than about 
S ^stor^rated azithromydn in the stomach; and which -erases "o 
more than an additional 10% during the first 15 minutes after the dosage 
Centered the duodenum. Once ha,ng emered , he duodenum an„ 
10 moved distally through and beyond this intestinal segment for at least 15 
minutes, the rate at which the dosage form releases azrthromyan « not 
Zm. so long as substantial* all of the azithromycin therein is released tor 
absorption, as opposed to being excreted. ' . . 

I„ a further specific aspect, this invention provides a sustained . 
15 release dosage form, comprising azithromycin and a pharmaceuU^ly 
acceptable carrier, which releases a total amoum of azrmromycin at *e 
i 5lWng rate following ingestion by a mammal: not more than about 200mg 

500 mg of azithromycin total in the first hour after ingest™, not more pan 
20 about 1000 mg total in the first two hours after ingestion. not ^morethan 
about 1500 mg total in the first four hours after ingestion, and not more than 
■ about 2000 mg total in the first six hours after ingestion. The proceeding 
H aLLd to herein as the temporal criteria-. R*es of azlthi^n 
Xse tower than ihe rate lust described are also within the scope of the 
^Sand^ay produce even 
v: ^entsunoerB 

rate of (each amount representing the total (i.e.. cumulatwe) amount 
Please* for example, less than 200 mg in the first 15 minutes after 
- " !2' Mta>«» mg in the first hour after ingestion, less than 750 mg 
30 inTw^ hoi after Ingesftm. less than 1250 mg inthe «rs« 4 hours 
»f,!TlnoesTon and less than 1500 mg in the first 6 hours after ingestion 
rai^a retel profile wfthinthe scope of the inversion and may be 
5 evenlt efficacious -orameuorating side effec*. Once *< hours tolling 

■ ■ i bastion has passed, the rate a. which me ^™ , . 

35 achromycin (for example, if the dosage form contained more than 2 g of 
Si SZdnL begin with) is no. criteal. The rate must, ot course, be high 



In the case of sustained release embodiments, the dosage form can 
: be in the form of a tablet, a capsule, a multiparticulate form, or a unit dose , 
i packet (sometimes referred to in the art as a "sachet"). ^ ..• . . 

The term "tablet" is intended to embrace compressed tablets, coated 
(£ Ablets, tnatrix tablets, osmotic tablets, and other forms known in the art. as 

more fully disclosed below. • ". 

The term "capsule" is intended to embrace capsules in which the 
body of the capsule disintegrates after ingestion to release particulate 
contents which exhibit the ^ desired sustained-release behavior, and ateo^^^^^^^^^^, 
10 capsules for which the body of the capsule remains substantially .ntact ; 

during its residence in the Gl tract. 

The term "multiparticulate" is intended to embrace a dosage form 
I comprising a multiplicity of particles whose totality represents the intended 

: therapeutically useful dose of azithromycin. The particles generally are o a 
15 diameter from about 50 microns to about 0.3 cm, with a preferred range of 
1 ob uM to 1 mm. The use of these and other terms is more fully set out ^ 
below. Multiparticulates represent a preferred embodiment for sustamed- 
felease because they are amenable to use in scaling dosage forms 
according to the weight of an individual animal (e.g.. a horse), according to 
20 the weight criteria previously set forth, by simply scaling the number of 
particles in the dosage form to conform with the animal's weight. 

In a further aspect, this invention provides a process for prepanng 
sustained-release dosage forms of azithromycin, comprising the steps of 
granulating azithromycin bulk drug substance with a binder, essentially 
25 immediately thereafter coating the granulation with a polymer coating of 
controlled permeability to azithromycin, and thereafter further coating said 
granulation with additional polymer of controlled permeability to 
azithromycin until enough of the polymer has been applied to effect the 
desired sustained release rate or profile. 
30 In a further aspect, this invention provides a method for treating a 

: microbial infection, comprising administering to a mammal in need of such 
treatment; including a human patient, a therapeutically effective amount of 
' azithromycin in a cohtroiied-release oral dosage form which releases the 
azithromycin according to the release rate described above. 
35 - in the case of delayed release embodiments, the dosage form can be 
in the form of a tablet, capsule, multiparticulate, suspension, or sachet. 



: exposure of azithromycin throughout the Gl tract, specially at the 
duodenum, thereby providing decreased gastrointestinal side effects. 

It is noted that controlled-release dosage forms of various types are 

known and employed conventionally in the art to provide reduced dosing 
5 frequency for short half-life compounds and to reduce fluctuations ,n plasma 

concentrations, sometimes imparting an improved safety/efficacy profile. ■ 
; .Because elimination of azithromycin from the human body is charactenzed , 

by a long half-life of about 69 hours, however, it is surprising that a 

controlled-release {either sustained or delayed) dosage form would offer 
10 any benefit. 

. p pF pppcrp|p T inM OF THE DRAWINGS 
FIGURE 1 is a graphical illustration of a release profile as broadly 
defined by the temporal criteria (profile 1 j, of several hypothetical 
15 azithromycin release profiles within the scope of the invention (profiles 3 
and 4). and of a hypothetical release profile outside the scope of the 
invention (profile 2). 

ppr^|t=n hlRhl JSSION 

20 For the purpose of this application, various embodiments of 

■ "controlled release dosage forms of azithromycin- have been described as 
-sustained release" embodiments or "delayed release" embodiments, for 
ease of description. Without intending to be limiting, sustained release 
dosage forms of azithromycin are those which slowly release azithromycin 
belayed release dosage forms of azithromycin are those which release little 
or no azithromycin for a predetermined time, then release azithromycin 
quickly or in a sustained fashion. It will be appreciated by those skilled in 
the art that certain "sustained release" embodiments will also fall under the 
general rubric of "delayed release" embodiments, and vice versa For : 
example, sustained release osmotic pump devices generally exhibit a lag 
time" after ingestion, during which time the osmotic pressure in the dev.ce is 
increasing and during which time little or no drug is released. Thus, an 
azithromycin osmotic pump device may be considered both a sustained 
release and a delayed release device. Embodiments of the current ^ 
^nindude all Controlled release dosage forms of azHhromyc n whiph 
"meet one or both of the in vitro tests described herein (see Examples 
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0.0025 (5pu.m diameter) ' ' 7 

: o:i; (2mm diameter) * * ^ 

5 0.5 (1cm diameter) 

" The above table illustrates that diffusion coefficients change by orders of 

magnttude as the desired size of the device changes. The high and low ^ , 
; values represent approximate upper and lower limits for matrix dev ces of 
this invention. That is, materials which exhibit a diffusion coefficient lower 
than about 10-10 are likely unsuitable for this invention as they are 
approaching, relatively speaking, being totally impermeable to azithromycin. 
Materials characterized by a diffusion coefficient higher than about 7 x 1 0* 
are likely also unsuitable as they are approaching, relatively speakmg, 
being fin instant or fast-release device. Materials at the low end of the 
■ diffusion coefficient scale are polymers such as cellulose acetate. 
Conversely, materials at the upper end of the scale are materials such as 
hydrpgels. The rate of diffusion for any particular device can accordingly be. 
tailored by the material or materials selected. ■ ^ 

U m the same mariner but different words, in general, sustained release 

devices of this invention should be implemented to release the azithromycin 
contained therein over a period of up to 6 h. and possibly longer. The 
device can accordingly be engineered according to the equation RT = r ID 
wherein RT stands for the total release time of a contained dosage, r 
25 represents the radius of the device, and D stands for the diffusion coefficient 
of achromycin in the matrix material. The equation again illustrates that 
* suitable dosage forms can be engineered as a trade-off between the size of 
the device and the diffusion coefficient of the matrix material. If a spherical 
dosage hot employed, then r will, of course, be replaced by other 
30 suitable dimension as known in the. art, such as the half thickness of a cube. 

short axis for an ellipsoid, and the like, 
y ■ r Forpurposes of further illustration, to obtain a sustained-release 
matrix in a particle of about 50um in diameter, a matrix material of a polymer 
such as cellulose acetate or a similar material will likely be required, the 
35 slow diffusing matrix material tending to offset the tendency of the small 
particle size to diffuse quickly. By contrast, in order to obtain sustained- , 
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release-modifying agents include water-soluble materials such as sugars or 
salts . preferred water-soluble materials include lactose, sucrose, glucose, 
and mannitol, as well as HPC, HPMC. and PVP. ; 

A preferred process for manufacturing matrix multiparticulates is the 
extnjsiori/spheronization process. For this process, the azithromycin is wet- 
massed with a binder, extruded through a perforated plate or die, and 
placed on a rotating disk. The extrudate ideally breaks into pieces which 
are rounded into spheres, spheroids, or rounded rods on the rotating plate. 
A preferred process and composition for this method involves using water to 
wet-mass a blend comprising about 20 to 75% of micro-crystalline cellulose 
blended with, correspondingly, about 80 to 25% azithromycin. 

A further preferred process for manufacturing matrix multiparticulates 
; is the preparation of wax granules. In this process, a desired amount of 
azithromycin is stirred with liquid wax to form a homogeneous mixture, 
cooled and then forced through a screen to form granules. Preferred matrix 
materials are waxy substances. Especially preferred are hydrogenated 
castor oil and carnauba wax and stearyl alcohol. 

A further preferred process for manufacturing matrix multiparticulates 
involves using an organic solvent to aid mixing of the azithromycin with the 
20 matrix material, this technique can be used when it is desired to utilize a 
matrix material with an unsuitably high melting point that, if the material were 
employed in a molten state, would cause decomposition of the drug or of the 
. matrix material; or would result in an unacceptable melt viscosity, thereby 
preventing mixing of azithromycin with the matrix material. Azithromycin and 
25 matrix material may be combined with a modest amount of solvent to form a 
paste, and then forced through a screen to form granules from which the 
solvent is then removed: Alternatively, azithromycin and matrix material may 
be combined with enough solvent to completely dissolve the matrix material 
and the resulting solution (which may contain solid drug particles) spray 
30 dried to form the particulate dosage form. This technique is preferred when 
the matrix material is a high molecular weight synthetic polymer such as a 
cellulose ether or cellulose ester. Solvents typically employed for the 
process include acetone, ethanol. isopropanol. ethyl acetate, and mixtures 

oftwoormore. . •■ . . 

35 ■ ' Once formed, azithromycin matrix multiparticulates may be blended 
I /With compressible excipients such as lactose, microcrystalline cellulose. 



dosage form can be used to advantage to make the release rate of the drug 

more constant as detailed below. 

In a further embodiment, an azithromycin matrix tablet is coated with 
an impermeable coating, and an orifice (for example, a circular hole or a 
5 rectangular opening) is provided by which the content of th tablet is 
exposed to the aqueous Gl tract. These embodiments are along the lines of 
those presented in in U.S. 4,792,448 to Ranade, herein incorporated by 
reference. The opening Is typically of a size such that the area of the 
exposed underlying azithromycin composition con 
10 40% of the surface area of the device, preferably less than about 15%. 

In a preferred embodiment, an azithromycin matrix tablet is coated 
with an impermeable material on part of its surface, e.g. on one or both 
tablet faces, or oh the tablet radial surface. 

In a preferred embodiment, an azithromycin, matrix tablet is coated 
15 with an impermeable material and an opening for drug transport produced 
by drilling a hole through the coating. The hole may be through the coating 
only, or may extend as a passageway into the tablet. 

In a further preferred embodiment, an azithromycin matrix tablet Is 
coated with an impermeable material and a passageway for drug transport 
20 produced by drilling a passageway through the entire tablet. 

In a further preferred embodiment, an azithromycin matrix tablet Is 
coated with an impermeable material and one or more passageways for 
drug transport are produced by removing one or more strips from the 
impermeable coating or by cutting one or more slits through the coating, 
25 preferably on the radial surface or land of the tablet. 

rln a preferred embodiment, an azithromycin matrix tablet is shaped in 
the form of a cone and completely coated with an impermeable material. A 
passageway for drug transport is produced by cutting off the tip of the cone. 
In a further preferred embodiment, an azithromycin matrix tablet is 
30 shaped in the form of a hemisphere and completely coated with an 
impermeable material. A passageway for drug transport is produced by 
drilling a hole in the center of the flat face of the hemisphere. 

In a further preferred embodiment, an azithromycin matrix tablet Is 
shaped in the form of a half-cylinder and completely coated with an 
35 impermeable material. A passageway for drug transport is produced by 
cutting a sltt through (or removing a strip from) the imperrheable coating 
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for highly water-swollen gels, the diffusion coefficient of the drug in the gel 
may approach the value in pure water. This high diffusion coefficient permits 
practical release rates from relatively large devices (i.e., It is not necessary 
to form microparticles). Although hydrogel devices can be prepared, loaded 
5 with azithromycin, stored, dispensed and dosed in the fully hydrated state, it 

is preferred that they be stored, dispensed, and dosed in a dry state. In 
* addition to stability and convenience, dry state dosing of hydrogel devices 
provides good azithromycin release kinetics. Preferred, materials for forming 
hydrogels include hydrophilic vinyl and acrylic polymers, polysaccharides 
10 such as calcium alginate, and polyethylene oxide). Especially preferred, are 
poly(2-hydroxyethyl methacrylate), poly(acrylic acid). poly(methacrylic acid), 
poly(N-vinyl-2-pyrolidinone), polyvinyl alcohol) and their copolymers with 
each other and with hydrophobic monomers such as methyl methacrylate, >- 
vinyl acetate, and the like. Also preferred are hydrophilic polyurethanes . 
15 containing large poly(ethylene oxide) blocks. Other preferred materials 
include hydrogels comprising interpenetrating networks of polymers, which 
may be formed by addition or by condensation polymerization, the 
components of which may comprise hydrophilic and hydrophobic monomers 
such as those just enumerated. 
20 A second class of azithromycin sustained-release dosage forms of 

this invention includes membrane-moderated or reservoir systems. In this 
class, a reservoir of azithromycin is surrounded by a rate-limiting membrane. 
The azithromycin traverses the membrane by mass transport mechanisms 
well known in the art, including but not limited to dissolution in the 
25 membrane followed by diffusion across the membrane or diffusion through 
liquid-filled pores within the membrane. These individual reservoir system 
dosage forms may be large, as in the case of a tablet containing a single 
large reservoir, or multiparticulate, as in the case of a capsule containing a 
plurality of reservoir particles, each individually coated with a membrane. 
30 The coating can be non-porous, yet permeable to azithromycin (for example 
azithromycin may diffuse directly through the membrane), or it may be 
porous. As with other embodiments of this invention, the particular 
mechanism of transport is not believed to be critical. 

Sustained release coatings as known in the art may be employed to 
35 fabricate the membrane, especially polymer coatings, such as a cellulose 
ester or ether, an acrylic polymer, or a mixture of polymers. Preferred 
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capsule may be prepared independently of the drug composition, thus 
process conditions that would adversely affect the drug can be used to 
prepare the capsule. A preferred embodiment is a capsule having a shell 
made of a porous or a permeable polymer made by a thermal forming 
process. An especially preferred embodiment is a capsule shell in the form 
of an asymmetric membrane; i.e.. a membrane that has a thin skin on one 
surface and most of whose thickness is constituted of a highly permeable 
porous material. A preferred process for preparation of asymmetric 
membrane capsules comprises a solvent exchange phase inversion, 
wherein a solution of polymer, coated on a capsule-shaped mold, is induced 
to phase-separate by exchanging the solvent with a-miscible non-solvent. 
Examples of asymmetric membranes useful in this invention are disclosed in 
? : the aforementiohed European Patent Specification 0 357 369 B1. 

A preferred embodiment of the class of reservoir systems comprises a 
15 multiparticulate wherein each particle is coated with a polymer designed to 
; yield sustained release of azithromycin. The multiparticulate particles each 
comprise achromycin and one or more excipients as needed for fabrication 
) ^and performance. The size of individual particles, as previously mentioned. ,. 

is generally between about 50 jim and about 3 mm, although beads ot a 
20 size outside this range may also be useful. In general, the beads comprise 
:-<''-;a^romycin and one or more binders. As it is generally desirable to 
produce dosage forms which are small and easy to swallow, beads which 
contain a high fraction of azithromycin relative to excipients are preferred. 
Binders useful in fabrication of these beads include microcrystalline 
25 cellulose (e.g., Avicel®, FMC Corp.), hydroxypropyl cellulose (HPC), 
hydroxypropyl methyl cellulose (HPMC), and related materials or 
combinations thereof. In general, binders which are useful in granulation 
and tabletting. such as starch, pregelatinized starch, and poly (N-vinyl-2- 
H pyrrolidinone) (PVP) may also be used to form multiparticulates. 
30 <: V ' Reservoir system azithromycin multiparticulates may be prepared 

using techniques known to those skilled in the art. including, but not limited 
•'■'-v to the techniques of extrusion and spheronization, wet granulation, fluid bed 
• grkriulation; and rotary bed granulation, in addition, the beads may also be 
prepared by building the azithromycin composition (drug plus excipients) up 
35 on a seed core(suchas a non-parti i seed) by a drug-layering technique 
. Sl ich as powder coating or by applying the azithromycin composition by 
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coating dries, a phase inversion takes place in the applied coating solution, 
resulting in a membrane with a porous structure. 

A preferred embodiment is a multiparticulate comprising about 95% 
azithromycin, the individual particles being coated with an aqueous 
5 dispersion of ethyl celiulose, which dries to form a continuous film. 

A further preferred embodiment is obtained when the azithromycin 
beads are jess than about 400 urn in size and are coated with a phase 
inversion membrane of ethyl cellulose or cellulose acetate. 

An especially preferred embodiment is obtained when the 
10 azithromycin beads are less than about 400 urn in size and are 'coated with 
an aqueous dispersion of ethyl cellulose, which dries to form a continuous 

'. ■•' film. 

An even more especially preferred embodiment is obtained when the 
; azithromycin beads are less than about 300 urn in size and are coated with 
15 an aqueous dispersion of ethyl cellulose, which dries to form a continuous 
film. 

A third class of azithromycin sustained-release dosage forms 
includes the osmotic delivery devices or "osmotic pumps" as 
in.the art. Osmotic pumps comprise a core containing an osmotically. 

20 effective composition surrounded by a semipermeable membrane. The term 
"semipermeable" in this context means that water can pass through the : 
membrane, but solutes dissolved in water cannot. In use, when placed in an 
aqueous environment, the device imbibes water due to the osmotic activity 
of the core composition. Owing to the semipermeable nature of the 

25 surrounding membrane, the contents of the device (including the drug and 
any excipients) cannot pass through the nori-porous regions of the 
membrane and are driven by osmotic pressure to leave the device through 
an opening or passageway pre-manufactured into the dosage form or. 

alternatively, formed in situ in the Gl tract as by the bursting of intentionally- 
30 incorporated weak points in the coating under the influence of osmot.c 
pressure. The osmotically effective composition includes water-soluble 
species, which generate a colloidal osmotic pressure, and water-sweUable 
polymers. The drug itself (if highly water-soluble) may be an osmotically 
effective component of the mixture. Azithromycin fumarate has a solubility at 
" 35 pH 7 of about 100mg/ml. corresponding to an osmotic pressure of about 3 
- atmospheres, enough to contribute some osmotic driving force. However, 
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When placed in an aqueous medium, the tablet imbibes water 
through the membrane, causing the azithromycin composition to form a 
dispensible aqueous composition, and causing the hydrogel layer to 
expand and push against the azithrom^ 

5 azithromycin composition out of the exit passageway. ; 

The rate of azithromycin delivery is controlled by such factors as the 
permeability and thickness of the coating, the water activity of the hydrogel 
layer; and the surface area of the device. Those skilled, in the art will 
appreciate that increasing the thickness of the coating will reduce the 

10 release rate, whereas increasing the permeability of the coating or the water 
activity of the hydrogel layer or the surface area of the device will increase 

the release rate. 

Exemplary materials which are useful to form the azithromycin 
composition, in addition to the azithromycin itself, include hydroxypropyl 
15 methyl cellulose poly (ethylene oxide), poly (N-vinyl-2-pyrrolidinone) or 
PVP, and other pharmaceutically-acceptable carriers. In addition, 
osmagents such as sugars or salts, especially sucrose, mannitol, or sodium 
chloride, may be added. Materials which are useful for forming the hydrogel . 
layer include sodium carboxymethyl cellulose, poly (ethylene oxide), poly 
20 (acrylic acid), sodium (poly-acrylate) and other high molecular-weight 
hydrophilic materials: Particularly useful are poly (ethylene oxide) having a 
molecular weight from about 4,000,000 to about 7.500,000 and sodium 
carboxymethyl cellulose having a molecular weight of about 200,000 to 
about 1,000,000. 

25 Materials which are useful for forming the coating are cellulose 

esters, cellulose ethers, and cellulose ester-ethers. Preferred are cellulose 

acetate and ethylcellulose. 

The exit passageway must be located on the side of the tablet 
i containing the azithromycin composition. There may be more than one such 
30 exit passageway. The exit passageway may be produced by mechanical or 
■ by laser drillings or by creating a difficult-to-coat region on the tablet by use 
: ' ! of special tooling during tablet compression/The rate of azithromycin 
delivery from the device may be optimized so as to provide a method of 
delivering azithromycin to a mammal for optimum therapeutic effect. 



discussed for reservoir systems. Suitable and preferred polymer coating 
materials, equipment, and coating methods also include those previously 
discussed. 

/V; Mrteriais useful for preparing the second coating on the tablet 
5 include polymers known in the art as enteric coatings for delayed-release of 
pharmaceuticals. Th se most commonly are pH-sensitive materials such as 
cellulose acetate phthaiate, cellulose acetate tiimellltate, hydroxypropyl 
methyl cellulose phthalate, poly (vinyl acetate phthalate); and acrylic 
; : copolymers such as Eudragit L-100 (R5hm Pharma) and related materials, 
10 as more fully detailed below under "Delayed Release-. The thickness of the 
delayed-release coating is adjusted to give the desired delay property. In 
: general, thicker coatings are more resistant to erosion and, consequently; 
yield a longer delay. Preferred coatings range from about 300^m in 
thickness to about 3mm in thickness. 
15 When ingested, the twice-coated tablet passes through the stomach, 

where the second coating prevents release of the azithromycin under the 
acidic conditions prevalent there. When the tablet passes out of the stomach 
and into the small intestine, where the pH is higher, the second coating 
erodes or dissolves according to the physicochemical properties of the 
20 chosen material. Upon erosion or dissolution of the second coating, the first 
coating prevents immediate or rapid release of the azithromycin and 
modulates the release so as to prevent the production of high 
concentrations, thereby mini mizing side-effects. 

A further preferred embodiment comprises a multiparticulate wherein 
25 each particle is dual coated as described above for tablets, first with a 
polymer designed to yield sustained release of the azithromycin and then 
coated with a polymer designed to delay onset of release in the environment 
of the Gl tract when the dosage form is ingested. The beads contain 
azithromycin and may contain one 
30 fabrication and performance. Multiparticulates which contain a high fraction 
of azithromycin relative to binder are preferred. The multiparticulate may be 
of a compositiori and be fabricated by any of the techniques previously 
disclosed for multiparticulates used to make reservoir systems (including 
extrusion and spherdnization, wet granulation, fluid bed granulation, and 
35 rotary bed granulation, seed building; and so forth). 



carriers, such core being coated with a material, preferably a polymer, which 
is substantially insoluble and impermeable at the pH of the. stomach, and 
which is more soluble and permeable at the pH of the small intestine. 
Preferably, the coating polymer is substantially insoluble and impermeable 

5 at pH <5.0, and water-soluble at pH>5.0. It is also preferred that the tablet 
core be coated with an amount of polymer sufficient to assure that 
substantially no release of azithromycin from the dosage form occurs until 
the dosage form has exited the stomach and has resided in the small 
intestine for about 15 minutes or greater, preferably about 30 minutes or 

10 greater, thus assuring that minimal azithromycin is released in the ' 
duodenum. Mixtures of a pH-sensitive polymer with a water-insoluble 
• polymer may also be employed : Tablets are coated with an amount of 
polymer comprising from about 1 0% to about 80% of the weight of the 
azithromycin-containing tablet core. Preferred tablets are coated with an 

15 amount of polymer comprising about 15% to about 50% of the weight of the 

azithromycin tablet core. 

pH-sensitive polymers which are relatively insoluble and 
impermeable at the pH of the stomach, but which are more soluble and 
permeable at the pH of the small intestine and colon include / 
20 polyacrylamides, phthalate derivatives such as acid phthalates of 

carbohydrates, amylose acetate phthalate. cellulose acetate phthalate. other 
cellulose ester phthalates, cellulose ether phthalates. 
hydroxypropylcellulose phthalate. hydroxypropyiethylcellulose phthalate, 
hydroxypropylmethylcellulose phthalate, methylcellulpse phthalate. 
25 polyvinyl acetate phthalate, polyvinyl acetate hydrogen phthalate, sodium 
cellulose acetate phthalate. starch acid phthalate. styrene-maleic acid 
dibutyl phthalate copolymer, styrene-maleic acid polyvinylacetate phthalate 
copolymer, styrene and maleic acid copolymers, polyacrylic acid denvatives 
such as acrylic acid and acrylic ester copolymers, polymethacrylic acid and 
30 esters thereof , poly acrylic methacrylic acid copolymers, shellac, and vinyl 
acetate and crotonic acid copolymers. 

Preferred pH-sehsitive polymers include shellac; phthalate 
derivatives, particularly cellulose acetate phthalate, polyvinylacetate 
r phthalate. and hydroxypropylmethylcellulose phthalate; polyacrylic acid 
35 derivatives, particularly polymethyl methacrylate blended with acrylic acid 
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approximately 6.0 and th pH of the colon is approximately 7.0, coatings, 
composed of mixtures of Eudragit-L® and Eudragit-S® provide protection of 
the duodenum from azithromycin. If it is desired to delay release of 
azithromycin until the azithromycin-containing "pH-dependent coated tablet- 
has reached the colon, Eudragit-S® may be used as the coating matenal. as 
described by Dew et al(Br. J. Clin. Pharmac. 14 (1982) 405-408). In order 
to delay the release of azithromycin for about 1 5 minutes or more, preferably 
30 minutes or more, after the dosage form has exited the stomach, preferred 
coatings comprise from about 9:1 to about 1:9 Eudragit-L®/Eudragit-S®. 
more preferably from about 9:1 to about 1 :4 Eudragit-L®/Eudragit-S®. The 
coating may comprise from about 3% to about 70% of the weight of the 
uncoated tablet core. Preferably, the coating comprises from about 5% to 
about 50% of the weight of the tablet core. 

In a further embodiment, a "pH-dependent coated bead", beads .. 
15 (about 0.5 to 3.0 mm in diameter) comprising azithromycin plus carrier are 
coated with one or more of the aforementioned pH-sensive polymers. The 
coated beads may be placed in a capsule or may be compressed into a 
tablet, with care taken to avoid damaging the polymeric coat on individual . 
beads during tablet compression. Preferred coated beads are those which 
20 exhibit substantially no release of azithromycin from the dosage form until 
the beads have exited the stomach and have resided in the small intestine 
for about 15 minutes or greater, preferably about 30 minutes or greater, thus 
assuring that minimal azithromycin is released in the duodenum. Mixtures 
■of a pH-sensitive polymer with a water-insoluble polymer are also included. 
25 As described above, azithromycin-containing beads may be coated with 
mixtures of polymers whose solubilrties vary at different pH's. For example, 
preferred coatings comprise from about 9:1 to about 1 :9 Eudragit- 
L®/Eudragit-S® more preferably from 9:1 to 1:4 Eudragit-L®/Eudragit-S® 
S ' The coaiing may emprise from about 5% to about 200% of the weight of the 
30 uncoated bead core. Preferably, the coating comprises from about 10% to 
about 100% of the weight of the bead core. 
■ :; -. : y:-y J m a further embodiment, ("pH-dependent coated particle"), small ;. 
S azrthfomycin-cbntaining particles (about 0,01 to 0.5 mm in diameter, 
bre fera^ 0.05 to 0.5 mm in diameter) are coated with one or more of the 
? 35 " aforementioned pH-sensitive polymers. The coated particles may be placed 
in a capsule or may be compressed into a tablet, with care taken to avoid 



In a further embodiment fbursting osmotic core device"), azithromycin is 
incorporated in an osmotic bursting device which comprises a tablet core or 
bead cbre containing azithromycin and. optionally, one or more osmagents 
Devices of this type have been generally disclosed in Baker, US 3,952,741 , 
5 whicri is ihcorporated herein by reference. Examples of osmagents are 
sugars such as glucose, sucrose, mannitbl. lactose, and the like; and salts 
such as sodium chloride, potassium chloride, sodium carbonate, and the 
like- water-soluble acids such as tart^^^ 

aiithromycin-containing tablet core or bead core is coated with a polymer 
10 Which forms a semipermeable membrane, that is, a membrane wh.ch is . 
permeable to water but is substantially impermeable to azithromycin. 
Examples of poiymers which provide a semipemieable membrane are 
■ cellulose acetate, cellulose acetate butyrate, and ethylcellulose, preferably 

cellulose acetate. The semipermeable coating membrane may alternatively 
15 be composed of one or more waxes, such as insect and animal waxes such 
as beeswax, and vegetable waxes such as carnauba wax and 
hydrogen^ted vegetable oils. A melt mixture of a polyethylene glycol, e.g., 
polyethylene glycol-6006, and a hydrogenated oil, e.g., hydrogenated castor 
oil may be used as a coating, as described for isoniazid tablets by Yosh.no 
20 (Capsugel Symposia Series; Current Status on Targeted Drug Delivery to 
ithe Gastrointestinal Tract; 1993; pp.185-190). Preferred semipermeable 
coating materials are cellulose esters and cellulose ethers, polyacrylic acid 
derivatives such as polyacrylates and polyacrylate esters, and polyvinyl 
alcohols arid polyalkenes such as ethylene vinyl alcohol copolymer. 
Especially preferred semipermeable coating materials are cellulose acetate 
arid cellulose acetate butyrate. l ^ * 

When a coated tablet or bead of the "bursting osmotic core" embodiment 
of this invention is placed in an aqueous environment of use, water passes 
through the semipermeable membrane into the core, dissolving a portion of 
30 the azithromycin and osmagent, generating a colloidal osmotic pressure^ 
which results in bursting of the semipermeable membrane and release of 
aiithromycin into the aqueous environment. By choice of bead or tablet 
core size and geometry; idemity and quarts 
the semipermeable membrane, the time lag between placement of the 
35 dosage form into the aqueous environment of use and release of the _ 
: enclosed azithromycin may be chosen. It will be appreciated by those 
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azithromycin until about 15 min or more, preferably 30 minutes or more, after 
the dosage form has exited the stomach. A bursting osmotic core device 
which releases azithromycin about 1.5 hr after ingestion will decrease the 
incidence and severity of gastrointestinal side effects in a population of 
5 paitients administered azithromycin in such devices. A preferred bursting 
osmotic core device starts to release azithromycin at about 2.5 hr after 
entering an aqueous environment, i.e., after ingestion, to more reliably 
assure that the device releases its azithromycin distal to the duodenum, 
when dosed in the fasted state. A more preferred "bursting osmotic core 
10 device" will start to release azithromycin at about 4 hr after entering an 
aqueous This 4 hr delay permits dosing in the fed state, and 

allows; for an about 3.5 hr retention in the fed stomach, followed by an 
approximately 30 minute delay after the dosage form has exited from the 
stomach. In this way, the release of azithromycin into the most sensitive 
15 portion of the gastrointestinal tract, the duodenum, is minimized. 

In a further embodiment, a "bursting coated swelling core", an 
aizithrdmycih-cpntaining tablet or bead is prepared which also comprises 
25-70% of a swellable material, such as a swellable colloid (e.g., gelatin), as 
described in Milosovich, US 3,247,066, incorporated herein by reference. 
20 Preferred swelling core materials are hydrogels, i.e., hydrophilic polymers 
which take up water and swell, such as polyethylene oxides, polyacrylic acid 
derivatives such as polymethyl methacrylate, polyacrylamides, polyvinyl 
V alcohol, poly-N-vinyl-2-pyrrolidone, carboxymethylcellulose, starches, and 
the like; Preferred swelling hydrogels for this embodiment are polyethylene 
25 oxides and carboxymethylcellulose. The colloid/hydrogei-containing 
azithromycin-containing core tablet or bead is coated, at least in part, by a 
z semipermeable membrane. Examples of polymers which provide a 
semipermeable membrane are cellulose acetate and cellulose acetate 
birtyrate^arid ethylcellulbse, preferably cellulose acetate. The 
30 semipermeable coating membrane may alternatively be composed of one or 
■\-/^mbre waxes, such as insect and animal waxes such as beeswax, and 
vegetefale waxes such as carnauba wax and hydrogenated vegetable oils. 
A melt mixture of a polyethylene glycol, e.g., polyethylene glycol-6000, and 
- i a^ castor oil, may be used as a coating, 

35 • as described for isoniazid tablets by Yoshino (Capsugel Symposia Series; 
Current Status on Targeted Drug Delivery to the Gastrointestinal Tract; 
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;: the same consideration and preferences apply to making bursting coated 

: swelling core devices. 
- In a further embodiment, a "pH-triggered osmotic bursting device", ■■■■ 
azithromycin is incorporated into a device of the type described in allowed 
5 . commonly assigned co-pending US patent 5,358,502, issued October 25, 

1994, ihcorporated herein by reference. The device comprises azithromycin 
; and optionally one or more osmagents, surrounded at least in part by a 
semipermeable membrane. The semipermeable membrane is permeable 
to water and substantially impermeable to azithromycin and osmagent, 
10 Useful osmagents are the same as those described above for bursting 
: osmotic core devices. Useful semipermeable membrane materials are the 
same as those described above for bursting osmotic core devices. A pH- 
trigger means is attached to the semipermeable membrane. The pH-trigger 
means is activated by a pH above 5.0, and triggers the sudden delivery of 
15 ; the azithromycin. In this embodiment, the pH-trigger means comprises a 
. membrane or polymer coating which surrounds the semipermeable coating. 
The pH-trigger coating contains a polymer which is substantially 
impermeable and insoluble in the pH range of the stomach, but becomes 
permeable and soluble at about the pH of the duodenum, about pH 6.0. 
20 Exemplary pH-sensitive polymers are polyacrylamides, phthalate 

derivatives such as acid phthalates of carbohydrates, amylose acetate 
phthajate, cellulose acetate phthalate, other cellulose ester phthalates, 
cellulose ether phthalates, hydroxypropylcellulose phthalate, 
hydroxypropylethylcellulose phthalate, hydroxypropylmethylcellulose 
25 phthalate, methylcellulose phthalate, polyvinyl acetate phthalate, polyvinyl 
acetate hydrogen phthalate, sodium cellulose acetate phthalate, starch acid 
phthalate, styrene-maleic acid dibutyl phthalate copolymer, styrene-maleic 
acid polyvinylacetate phthalate copolymer, styrene and maleic acid 
copolymers, polyacrylic acid derivatives such as acrylic acid and acrylic 
30 ester copolymers, pdlymethacrylic acid and esters thereof, poly acrylic 
U ; methacry^^ vin y' acetale : and crotonic acid 

copolymers. 

': Preferred pH-sensitive polymers include shellac; phthalate 
derivatives, particularly cellulose acetate phthalate. polyvinylacetate 
:: 35 phthalate. and hydroxypropylmethylcellulose phthalate; polyacrylic acid 
derivatives, particularly polymethyl methacrylate blended with acrylic acid 
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coated with a 3-20% by weight membrane composed of about 1:1 cellulose . 
acetate/cellulose acetate phthalate. Another preferred pH-triggered osmot.c 
bursting device is a bead or tablet core of azithromycin with optional 
osmagent, coated with a 3-20% by weight cellulose acetate membrane, 
coated with a 3-20% by weight membrane comprising from about 9:1 to 
about 1 -.lEudragit^/Eudragit-S®. 

Advantagedusiy, because a pH-triggered osmotic bursting device 
possesses a mechanism for sensing that the device has exited the stomach, 
interpatient variability in gastric emptying is not significant. - 

In a further embodiment, a "pH-triggered bursting coated swelling 
core" alablet core or bead containing azithromycin and a swelling material 
is coated with a semipermeable coating which is further coated with a pH- 
^ sensitive boating. The core composition, including choice of swelling . 
' material is as described above for the bursting coated swelling core 
15 embodiment. The choice of semipermeable coating material and pH- 
sensitive coating material are as described above for the "pH-triggered 
osmotic core" embodiment. This device is described in detail in commonly- 
assigned copending U.S. Patent Application Serial No. 08/023,227, filed , 
February 25, 1 993, incorporated herein by reference. - 
20 A pH-triggered bursting swelling core embodiment generally 

operates as follows. After oral ingestion, the pH-trigger coating, which 
surrounds the semi-permeable coating, which in turn surrounds the 
k azithromycin-cohtaining core tablet or bead, remains undissolved and intact 

in the stomach. In the stomach, water may or may not commence 
25 penetration through the pH-trigger coating and the semipermeable coating, 
thus starting hydration of the core, which contains azithromycin and water- 
swellable material, preferably a hydrogel. When the pH-triggered bursting 
swelling core device exits the stomach and enters the small intestine, the 
' ^,H-trigger coating rapidly disintegrates and dissolves, and water passes 
30 through ^e semipermeable coating, dissolvi^^ 

V the water-swell^ within the core. As the swelling pressure across 

the semipermeable coating exceeds some threshold value, the 
- semipermeable cdaling fails, and the device bursts, releasing azithromycn. 
" - i It is preferred that this bursting and release of azithromycin occur at about 1 5 
• - 35 minutes or more, preferably about 30 minutes, after the pH-triggered 



' gastrbiritestihal system is delayed until about 15 minutes or more, preferably 
: about 30 minutes, afterthe dosage form has exited the stomach and moved 

into the duodenum. 

Jin an azithromycin enzyme-triggered supported liquid membrane 
5^ device, the supported hydrophobic liquid is preferably a liquid which 

undergoes change which is enzymatically catalyzed in the lumen of the 
■ ' Ismail intestine, and not in the stomach. Exemplary hydrophobic liquids are 
-triglycerides, fatty anhydrides, fatty acid esters of cholesterol, hydrophobic 
amino acid esters, and the like. Preferred triglycerides include triolein, 
10 tricaprylin, trilaurin, olive oil, palm oil, coconut oil. sesame seed oil, "corn oil. , 
: peanut oil. soybean oil; and the like. Preferred fatty acid anhydrides include 

caprylic anhydride, lauric anhydride, myristic anhydride and the like. 
; Mixtures of hydrophobic liquids may be used. Exemplary materials for the 

micropbrous hydrophobic support membrane include cellulose esters, 
15 polycarbonates, polyalkenes, polystyrenes, polyvinyl esters, polysiloxanes, 

poiyacrylates, and polyethers. Preferably the hydrophobic microporous 
J membrane with entrained hydrophobic liquid is impermeable to 
; azithrbmycih. until gastrointestinal enzymes have catalyzed a change in the :. 

hydrophobic oil, as described below. 
20 in the environment of use, i.e., the small intestinal lumen, lipases and 

esterases degrade the aforementioned hydrophobic oils, releasing 
surfactant products in the pores of the microporous membrane of this 
embodiment 

azithromycin in the device core may exit through the microporous 
25 hydrophobic support membrane. Release of the azithromycin may occur by 
simple diffusion, osmotic pumping, osmotic bursting, or by bursting due to 
4 the presence of a swellable material, e.g. hydrogel. in the azithromyan- 

CKiritainm^^ u 

In an azithromycin enzyme-triggered supported liquid membrane 

30 device, hydrophbbic oils may be used which are substrates for small 
r intestinal proteases such as carbbxypeptidase and chymotrypsin. 
; Exemplary oils are hydrophobic esters of amino acid denvatives. _ 
In a further embodiment, a "bacterially degradable coating dev.ce , 
A ^ ^hromycin-containing tablets or beads are coated with a material which is 
r : 3 5 substantially impefmeable to azithromycin in the stomach and small ^ 
r intestine, the coating material undergoing degradation by bactena or by 
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materials, including but not limited to polyethylene, polypropylene, 
;ipoly(methyfa polystyrene, polyurethanes, 

polytetrafiubroethylene. nylons, polyformaldehydes, polyesters, cellulose 

acetate, and nitrocellulose. The open end of the capsule shell is then ; 
:: 5 "plugged" with a cylindrical plug formed from a hydrogel-forming material, 
; including but not limited to, a homo- or cb-poly(alkylen oxide) crosslinked 

by readion with isocyariate or u 

in PCT; Application WO 90/091 68. The cdmposition and length of the 
£ hydrogel "plug" is selected to minimize release of azithromycin to the 
10 stomach and duodenum, to decrease the incidence and/of severity of ' 
gastrointestinal side effects. The plugged capsule-half is finally sealed with 
i a water-soluble, e.g., gelatin, capsule-half placed over the hydrogel-plugged 
end of the azithromyciri-containing non-dissolving capsule-half. In a ; 
; > preferred embodiment of the "swelling plug device", the sealed device is 
15 coated with a "pH-sensitive enteric polymer or polymer mixture", for example 
i cellulose acetate phthalate or copolymers of methacrylic acid and 
methylmethacrylate. The weight of the enteric polymer coat will generaHy be 
from 2-20%, preferably from 4-15% of the weight of the uncoated sealed 
capsule. When this preferred "enteric-coated swelling plug device" is. 
20 ingested orally, the enteric coat prevents release of azithromycin in the 
stomach, the enteric coat dissolves quickly, e.g., within about 1 5 minutes, 
in the duodenum, triggering swelling of the hydrogel plug, exiting of the 
hydrogel plug, and release of the incorporated azithromycin into the 
gastrointestinal tract at a time greater than about 15 minutes after, and 
25 preferably greater than about 30 minutes after, the dosage form has passed 
from the stomach into the duodenum. Prototype unfilled "swelling plug 
; devices" may be obtained from Scherer DDS Umited, Clydebank. Scotland, 

under the designation "Pulsincap™". 

30 It will be appreciated by those skilled in the art that the various coated 

^^hromycih tablet, bead, and particle embodiments described above can 
■:i^ : be coated using standard coating equipment, such as pan coaters (e.g., Hi- 
Coater available from Freund Corp; Accela-Cota available from Manesty, 
LiveroooO^ coaters, e.g., Wureter coaters, (available from Glatt 

V35 Corp, Ramsey; WJ and Aeromatic Corp., Columbia, MD), and rotary ; .• 
:: ; ^ granulatbrs, 6.g:, CF-Granulator (available from Freund Corp). Core tablets 



subscript. Thus, a "Q0.25" of 15 mg means that 15 mg of azithromycin was 
dissolved in one quarter hour. : 
2. Specification of a quantity in percent (%) means percent by weight 
based on total weight/unless otherwise indicated. 

5 ; 3. w Eudragit® " is the registered trademark of R6hm Pharma GmbH, 

Germany for a family of enteric polymeric methacrylates. \". ■ 
"t^y'S . 4. "Opadry^ " is the registered trademark of Colorcon Inc., West Point, 
PA for a family of plasticized cellulose ethers which include hydroxypropyl 
methylcellulose, hydroxypropyl cellulose and methylcellulose that are 

10 supplied as powders for reconstitution in water. 

5. ; ; "Surelease®" is the registered trademark Of Colorcon Inc., West 
Point, PA for an aqueous, fully plasticized polymeric dispersion of 
ethylcellulbse. 

6. "mgA" is an abbreviation for "milligrams of active azithromycin".. For 
15 example, "250 mg A" means 250 mg of active azithromycin". 

V.; 7. "X mgA of multiparticulate" (where X is a number) means the 
amount of muttiparticulate containing X mgA. For example, "250 mgA of 
multiparticulate" means the weight of multiparticulate containing 250 mgA. ; 
81 "mgAm" is an abbreviation for "mgA of multiparticulate". 
20 9. "Use environment" means the aqueous environment of the 

gastrointestinal tract 

10. In Vitro Dissolution Tests The following two in vitro tests can 
be used to screen sustained release and delayed release embodiments of 
this invention for in vivo suitability. If a particular dosage form satisfies the 
25 criteria disclosed below for either test, it is within the scope of the invention. 
Sustained Release Dosage Test: Sustained release dosage 
forms of azithromycin are tested in a standard USP rotating paddle 
apparatus as disclosed in United States Pharmacopoeia XXIII (USP) ■: ■ :\ 
Dissolution Te^ Chapter 711, Apparatus 2. Paddles are rotated at 50 rpm ; : 
30 and the dissolution test is conducted in, as the test medium, 900 ml of pH 

6 0 sodium dihydrogen phosphate buffer at 37-C. If capsules are used, then 
0.1 mg/mL of the enzyme trypsin must be added to the buffer. At indicated 
times Allowing test initiation (i.e., insertion of the dosage form into the 
appar^ (typically 5 or 1 0 mL) from the test medium are 

3V analyzed for azithromycin by high performance liquid chromatography ;; 
(HPLQ) as disclosed below. Dissolution results are reported as mg : 



substantially as described in Shepard et al.. J. Chromatography, 565: 321 - 
337 (1991). An isocratic mobile phase consisting of 72 % 0.02M potassium 
phosphate monobasic buffer and 28 % acetonitnle (v/v, final pH of 1 1) is 

5 ^employed at a flow rate of 1.5 mUmin. The elertrochemiral detector 

erhploys dual glassy carbon electrodes (Model LtMB amperometric 

6 detector, Bioanalytical Systems; West Lafayette, IN) operating in the v' - ■ 
i -oxidative screen mode with the reference electrode set at about +0.7 V and 

-the working electrode set at about +0.8 V. In sustained-release test media, 

10 ^ 

chromatogram peak height ratio relative to diphenhydramine internal 
standard against an azithromycin standard chromatogram peak height ratio 
also relative to the same internal standard. In delayed-release (acid) test 
media because azithromycin can hydrolyze in acid media te 
15 desbsaminylazithromycin, the amount of dissolved azithromycin which had 
hydrolyzed is determined and converted to its equivalent as azithromycin 
(conversion factor, 1 .26). In delayed-release test media, diphenhydramine is 
; again employed as an internal peak height reference standard for both ^ 
sample and azithrofnycin/desosaminylazithromycin standard ^ 

20 chrbmatograrris. 

12. Where no value is given in the Tables, it was not determined. 



. This example demonstrates that a 2 g oral dose of azithromycin gives 
a similar incidence of gastrointestinal side effects, whether the 2 g is given 
as a single oral dose or as eight 250 mg doses, given as 250 mg every half- 
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hour for 3.5 hr. 
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In a double-blind, randomized, placebo-controlled parallel group 
study healthy male subjects were divided into three groups. Group A 
received a single 2 g azithromycin dose as eight 250 mg azithromycin 
capsiiles ("bolus dosing" group). Group B received the same total dose, 
administered as eight 250 mg capsules at the rate of one 250 mg capsule 
iach SO minutes for 3.5 hr fdivided dosing" group). Group C received ■ ; 
^matchihg placeb6^psules: Airsubjects received eight capsules of drug or 
placebb at time 0, and a capsule of drug or placebo every half-hour for 3.5 
hr All subjects were dosed after an overnight fast. Blood samples were 
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subjects in the group, to give a Mean Cumulative Score. The scale of this . 
■ Mean Cumulative Score does not correspond to the original 6-1 6 scale, 

^ since it reflects the summation of all non-zero scores over the entire 
f valuation period. Table III presents Mean Cumulative Scores for : : 

" Table I demonstrates that the total systemic azithromycin exposure of 
v the twd dosing groups, reflected in the AUC, was similar. For the divided V 
I., losing group, Cmax was lower and Tmax was longer, as expected because 

the closing took place over 3.5 hr, rather than in a single bolus dose. 
10 '--'M'-v Table II demonstrates that abdominal pain, nausea, and abdominal 

; cramping were frequent side effects for a 2 g bolus dose, while regurgitation 
i ^wasnpt. Divided dosing over 3.5 hr gave a similar side effect incidence 
^.rofile^ T^ble III demonstrates that the overall severity of azithromycin- 
v; Educed I side effects was similar for the bolus-dosing and divided dosing 

15 treatments. 

" The data presented in Table II and fable III demonstrate that 
delivering a 2 g dose at a rate of 500 mg/hr does not result in a greatly 
^ improved side effect incidence, compared with a single 2 g bolus dose. The. 
manner in which the divided dose was administered in this example £> 
20 resulted in exposure of the upper gastrointestinal tract, i.e., the stomach and 
duodenum, to the entire divided dose. 

^:'- : ':^^/- ; '^^>V',j:-H- : ^^^\' : ^^.v.''' Table I. 

Azithromycin Pharmacokinetics For A 
25 2 q Dose given as a Single Dose, or as Eight 250 mg doses every Half-Hour 
c r ^ ; for 3.5 Hours (mean values). 
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2 g single 
dose 

250 Mg per 
half-hrfor 3.5 

.hr 



Cmax 
(Wj/mj) 
1.69 

Tl3 



Tmax 

m 

1.3 



AUCq-1 44 
l-hr/m ll 
18.8 



the conclusion that the incidence and severity of azithromycm j :, . 

gastrointestinal side effects can be reduced by decreasing the exposure of 
the duodenum to orally dosed azithromycin. This example also 
demonstrates that direct delivery of azithromycin to the duodenum or the 
5 ileocecal region of the small intestine does not result in any loss of systemic 

.; . bioavailability, relative to oral dosing. . 

i Healthy male subjects were divided into two groups. Group A 
deceived a ?2 g azithromycin dose administered directly into the duodenum ; 
as a solution via a nasoenteric tube. Group B received the same v 
10 : azithromycin Solution dose, administered directly into the ileocecal reg.on of 

- the small irites^ The nasoenteric tube was a 

" single lumen, 4.5 meter tube with a side port for delivery of drug. Placement 
S of the tube for duodenal and ileocecal delivery was confirmed by 
flubroscopy. Infusions to the duodenum or ileocecal region were 
15 administered at a concentration of 40 mg/ml within 5 minutes. All subjects 
were dosed atter an overnight fast. Subjects were randomized to rece.ve 
azithromycin and placebo via nasoenteric tube and intravenous infus.on m a 
f double-blind, placebo controlled fashion. Two weeks later, subjects were . : 
■ crossed over to the alternate route of active drug administration. c 
20 Blood samples were withdrawn prior to dosing, and at 0.08, 0.17, 0.33, 
0 66 1 2, 4, 8, 12, 24, 48, 72, and 96 hr postdosing. Serum azithromycin 

- % concentrations were determined using the high performance liquid 

'? chromatography assay described in Shepard et al., J. Chromatography, 

565- 321-337 (1991). Total systemic exposure to azithromycin was 
25 determined by measuring the area under the serum azithromycin . 
; concentration vs. time curve (AUC) for each subject in a given group, and 
- then by calculating a mean AUC for the group. Cmax is the highest serum ^ 

- azithromycin concentration achieved in a subject. Tmax islhe t.me at which 
' r £ Cmax is achieved; Serum pharmacokinetic data for this example are 

: 3d V presented in Table IV. In one leg of this study, all subjects received an . 
; 2 i azithromydn dose. The intravenous AUC was de^ 

ijc-incrderlb 

as described beloW. , u ^ «««h «i,t 

^■M^^'^-M each blood sampling time, each subject filed put 

35 :a iesliohnaire; which consisted of a series of "Visual Analogue ScaJes in 
V - whtoh lhe subject was required to rate, on a scale of 0-1 0, the seventy of 
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The bioavailability of the duodenal azithromycin solution was slightly larger 
than the oral bioavailability of an azithromycin capsule, which is typically : 
about 38%; The bioavailability of the ileocecal azithromycin solution was 
similar to that of an orally dosed capsule. 

: . Table V (same format as 
gastroi ntestirial side effects 
ileocecal dosing. Table VI demonstrates that the overall severity of 
gastrointestinal side effects was higher for duodenal dosing than for : 
ileocecal dosing. ; 

•.^S^.:!-: ; "v Table IV. 

Azithromycin Pharmacokinetics for a 2 g Solution Dose administered to the 
duodenal (n=5) or ileocecal (n=6) region of the small intestine via 
nasdenteric tube (mean values). 
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Cmax 


Tmax 


AUCr>96 




(ng/ml) 


(hr) 


(ug»hr/ml) 


Duodenal 


3.24 


0.3 


17.0 


Ileocecal 


0.77 


1.39 


14.5 
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Table V . ■■ " v'.. " 

Incidence of Visual-Analogue-Scale scores exceeding 1 or 4 at any time 
durihg the 96 hour post-dose evaluation period, for the side effects 
abdominal pain, nausea, regurgitation, and abdominal cramping. 
Compares 2 g azithromycin administration directly into the duodenal (n=5) 
and ileocecal (n=6) regions of the small intestine. 





ABDOMINAL 
PAIN 


NAUSEA 


REGURGITATION 


ABDO 
CRM 


MINAL 
APING 


TREATMENT 


>i 


>4 


>1 


>4 


>1 


>4 


>1 


>4 


Duodenal 


4/5 


0/5 


2/5 


1/5 


3/5 


0/5 


5/5 


0/5 


lleo-cecal 


2/6 


0/6 


2/6 


0/6 


0/6 


0/6 


2/6 


0/6 
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azithromyd^^ Was determined by measuring the area under the serum 
: v ^ithromydn concentration vs. time curve (AUC) for each subject in a given 

group, and then by calculating a mean AUC for the group. Cmax is the 
; highest serum ^ithromycin concentration achieved in a subject Tmax is 
the tirrie at which Gmax is achieved. Serum pharmacokinetic data for this 
example are presented in Table vil. • 
V Prior to dosing arid each blood sampling time, each subject filled out 
4 questionnaire, which consisted of a series of "Visual Analogue Scales" in 
"■y,//:wh|ph the subject was required to rate, on a scale of 0-10, the severity of 
^ ^ 10 certain potential side effects. The subjects were instructed that *0" indicated 
; ; : ^h worst possible effect. The subjects 

: ; • were instmctdd to interpolate between O and 10 for moderate side effects. 
- A total of 22 subjects completed this study: 5 on placebo, 6 at 1 g 
^zithrom dose, 6 at 2 g azithromycin total dose, and 5 at 4 g 

15 ^ithromycin total dose. For four side effects evaluated at 18 time points, a 
' V..total of 1 ,584 individual visual-analogue-scale evaluations were obtained. 

Analysis of side effect visual-analogue-scale data was carried out in 
two formats. In the first format (Table VIII), the analysis concentrated on the 
^general incidence of side effects of a particular type. For each side effect 
20 type (e.g. , abdominal pairt), Table VIII reports the number of subjects who 
v.-.report€id a score >1 at any time during the 240 hr post-dosing, and the 
number of subjects who reported a score >4 at any time during the 240 hr 
post-dosing. This analysis assumes that all scores >1 represent a real side 
effect occurrence, however mild or severe. A score >4 is presumed to reflect 
25 a moderate-to-severe side effect occurrence. 

In the second format (Table IX), the analysis reflects the general . ; 
severity and duration of side effects. For a particular side effect (e.g., 
Abdominal Pain) in a particular subject, all visual-analogue-scale scores 
^ (over the 240 hr post-dose period) were summed to give a "cumulative 
30 sco re" oyer the enti re time period of evaluation. "Cumulative scores" for all 
-members of a treatment group were summed, and divided by the number of 
- subjects in the group, to give a Mean Cumulative Score. The scale of this 
Mean Cumulative Score does riot correspond to the original 0-10 scale, 
since it reflects the summation of all non-zero scores over the ientire 
• 35 . evaluatio n period. Table IX presents Mean Cumulative Scores for : 
abdominal pain, nausea, regurgitation, and abdominal cramping. 



ileostomy fluid concentrations of azithromycin were assayed. In the 24 hr 
following an IV azithromycin dose, 1 3% of the dose was recovered intact In 
the ileostomy fjuid, indicated that IV-administered azithromycin enters the 
lumen df the small intestine, probably via biliary excretion and/pr 
5 trahsintestinai elimination. Thus rt is not surprising that high intravenous 
doses 6f azithrorriycin can cause gastrointestinal side effects, since a portion 
of the IV dose partitions into the lumen of the small intestine. 

J Table IX demonstrates that the overall severity of gastrointestinal side 
effects resulting from a 1 .0 g intravenous dose is low, and is lower than that 
10 observed for a 2 g oral dose (compare with Table III). Based on an oral ; 
bioavailability of 37%, these intravenous doses are equivalent to oral doses, 
of 0, 2.7, 5.4 and 10.8 g, respectively. At higher IV doses (e.g., 4g), 
• gastrointestinal side effects are observed. However, it is likely that these Gl 
side effects are due to partitioning of the IV dose into the lumen of the small 
15 intestine, as dearly demonstrated above in the ileostomy study. 

Table VII. . ". 
Azithromycin Pharmacokinetics: For a 2 hr InfUsion of 
20 1 g (n=6) or 2 g (n=6) or4g (n=5) total dose. 



TOTAL IV 
DOSE 

M 


EQUIVALENT 
ORAL DOSE* 


Cmax 
(ua/ml) 


Tmax 
(hr) 


AUCo-jnf 
(ub-hr/mO 


i.o 


2.7 =■■>": V'-V 


3.1 1 


1.9 


23.4 


2.0 


5.4 ;/ 


6.84 


1.8 


45.6 


4.0 


10,8 


9.91 


1 .1 


82.1 



* Calculated by dividing the IV dose by the oral bioavailability of 
azithromycin (0.37) 



' diffusion barrier coating. The process comprised (1 ) preparing uncoated 
azithromycin multiparticulate cores; and (2) applying a diffusion barrier 
coating over the cores. This example further illustrates the in vitro sustained 
release dosage test procedure for evaluating dissolution and release of 

5 azithromycin from the dosage form. 

Azithromycin-containing multiparticulate cores were prepared by 
: blending azithromycin with microcrystalline cellulose (Avicel® PH101, FMC 
Corp., Philadelphia, PA) in relative amounts of 95:5 (w/w), wet massing the 
/ blend in a Hobart mixer with water equivalent to approximately 27% of the 
10 weight of the blend, extruding the wet mass through a perforated plate 
(Luwa EXKS-1 extruder, Fuji Paudal Co.,Osaka Japan), spheronizing the 
extrudate (Luwa QJ-230 marumerizer, Fuji Paudal Co.) and drying the final 
' cores which were about 1 mm diameter. The final sustained release beads 
. were made by coating over the particle cores with a plasticized 
15 ethylcellulose dispersion (Surelease®, Colorcon, West Point, PA, typically 
applied at 15 % solids concentration ). For example 4A (about 100 g batch 
/ size); final coating was conducted in a bottom spray Wurster fluid bed coater 
{ : : (Aerbmatic Strea-i, Niro Inc., Bubendorf, Switzerland). For examples 4B, 

; At and 4D (about 1 kg batch sizes), final coating was conducted in a rotary 
20 granulator (CF-360 granulator, Freund Indust., Tokyo, Japan). The amount 
of coating applied was varied to obtain different dissolution rate behavior. 
Example 4A had an additionai coating of 2% Opadry® over the 13 % 

Surelease® (ioat. 

Finished sustained release multiparticulates were tested using the 
25 in vitro sustained release dosage test procedure previously described and 

the results are presented in Table 4-1. Example 4D was tested as 1 ,500 

rngA multiparticulate and examples 4A through 4C were tested as 250 mgA 
i: ; multiparticulate in a capsule. Examples 4A through 4D satisfy the in vitro 

; sustained release dissolution criteria and are sustained release 
30 embodimerrts within the scope of the invention. 
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temporal criterion. For instance the maximum scaled value at 15 minutes 
(12,500 mgArti) was calculated as 200 mgA x (250 mgAm '+ 4 mgA), where 
the 250 mgAm corresponds to the initial dose tested. The maximum scaled 
vaiue at 2 hr (2,212 mgAm) was similarly calculated as 1 000 mgA x (250 
mgAm -5-113 mgA). 

table the maximum scaled dose of Example 4B 

^multiparticulate which should be used to make a dosage form within the 
scope of the invention is 2,212 mgAm, the minimum of the maximum scaled 
values calculated. ".. 

Maximum scaled doses were also calculated using the temporal 
criteria together with the data of Examples 4A, 4C, and 4D in the same 
manner as above. Table 5-2 summarizes the maximum scaled dose for 
Examples 4A through 4D. 



15 



TABLE 5-2 
MAXIMUM SCALED DOSE 





Maximum Scaled Dose 




of Sustained Release 


Example 


Multiparticulate 


4 A ..V.\ 


2,857 mgA 


4B 


2,212 mgA 


4C 


6,024 mgA 


4D 


4,680 mgA 
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Example 6 ; > 

This example illustrates using weight criteria in conjunction with in 
vitro dissolution test results to custom design a dosage form tailored for an 
animal of a given body weight. The data of example 4B are employed to 
calculate the minimum body weight for each of the weight criteria. 
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TABLE 6-2 

Maximum Dos Deliv rab i To A Glv n Body Weight 



Example 


: Maximum D se 
Sustain d Release Multlpartlculat 
100 ka Body weiant 


A A 

. 4 A 


5 714 ma Am 




4 9 4Zo mgAm 


AC 


12,048 mg Am 


4D 


9,360 mgAm 



10 
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Example 7 

: : - i; This example illustrates using the weight criteria in conjunction with 
in wfro dissoiutibn test results to determine the minimum animal body 
weight with which a sustained release dosage form should be used. 

A sustained release sachet containing 2000 mgAm is made with the ; 
multiparticulate of Example 4B. A minimum animal body weight was V 
calculated for use 



weight Criteria 
£ 4 mg/kg In 15 mln. 

k 10 mg/kg in 1 hr. 

$ 20 mg/kg In 2 hr. 

S 30 mg/kg in 4 hr. 

< 40 mgA/kg In 6 hr. 



TABLE 7-1 
Minimum Body Weights 

Example 4B Minimum Scaled Body Weight 
Dissolution Results for use wl\h 2.000 ma Am 



4 mgA In 15 mln. 
33 mgA In 1 hr. 
113 mgA in 2 hr. 
144 mgA in 4 hr. 
154 mgA In 6 hr. 



8 kg 
26.4 kg 
45.2 kg 
38.4 kg 
30.8 kg 



: Eabh minimum scaled body weight was calculated by using the data : 
1 of Example 4B and assuming a 2000 mgAm to calculate the smallest weight 
20 cbhsi$tent with each individual corresponding weight criterion. For instance 
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debating suspension diluted to 15% solids was sprayed onto the rotating bed 
■ ^ithrbmydn partides. During spray application, both agglomeration of 
azithromycin particles into larger particles and coating of these 
v agglomerates with the diffusion barrier membrane occurred. In some 
S : examples, a water soluble coating of Opadry® (typically diluted to 10 % 
solids for spraying) was applied over the barrier membrane as added 

protection. ■ 
■ : Rnished sustained release multiparticulates were tested using the in 

■ viri dosage test procedure previously described and the 

Id results are presented in Table 8-1. Examples 8A through 8G satisfy the in 

^yitrt sustained release dissolution criteria and are sustained release 
; i ^embbdimem^ invention. 
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TABLE 8-1 



In Vitro Qo.25 ©1 

Sustained Release <, 200 500 
Dissolution Criteria 



Q 2 Q4 ©6 
£1000 £ 1500 £2000 



Initial Dose 



16.7 

16.6 1 
0.5 Opadry® 

22. .7 
1.6 Opadry® 



20 



Example No. 
Mean Particle 
size, timl 

•8A (240 \imj 
8B (240 \im) 

8C (280 Jim) 

8D (310 jim) 27.1 

8E (315 iim) 25.1 

8F (335 fiin) 30.9 

8G (400 £im) 35.6 

0.7 Opadry® 

1 PvairiDies 8B 8C and 8G have a water soluble Opadry ® protective coating 
^ diffusion barrier coating. For the case of 

; Example SB, a 0.5 % Opadry® coating was done over a 16.6 ^ 
Surelease^ coating; 



Qi 

ma A 


Q2 

mflA 


Q 4 
moA 


Q6 
maA 


Tested 

mflAm 


110 


206 


216 


228 


228 


191 




196 




250 


110 


141 


188 


214 


226 


104 


212 


257 


265 


272 


45 


74 


116 


138 


250 




45 


mm m mm ■ 


119 


180 




32 


mmm»» .- 


77 


166 
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As in Example 5, the data of Example 9 were employed in 
conjunction with the temporal criterion to calculate the maximum scaled 
mgAm. corresponding to both Example 9A and 9B, which should be used to 
make a dosage form according to the invention. Table 10-1 summarizes the 
maximum scaled dose for Examples 9A and 9B. 

• • ■ TABLE 10-1 . 
Maximum Scaled Dose ; 





Maximum Scaled Dose 




of Sustained Release 




Multiparticulate 


9 A X'\ 


1,976 mgA 


■ 'J ■ 9B 


5,236 mgA 



10 



15 



20 
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Example 11 v. 
This example illustrates using weight criteria in conjunction with in 
vitro test results to custom design a dosage form tailored for an animal of a _ 

given body weight. i 

The data from Examples 9A and 9B were employed to calculate, as in 

Example 6, the maximum dose which should be administered to a 100 kg 
animal. Table 11-1 lists the maximum amounts of sustained release 
multiparticulate for Examples 9A and 9B which should be employed for a 
given body weight of 100 
weight criteria to make a 
invention. 

:-.-:\-,v.^;;';- W V TABLE 11-1 
lYlmum Dose Deliverable To A Given Body Weigh 



Example 



9 A 



9B 



Maximum Dose 
Sustained Release Multiparticulate 
Hffrj kn Body Weight 

3,953 mgA 



10,471 mgA 
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Table 13-1; Example 13A satisfies the /r? vitro release criteria and is a 
sustained release embodiment of the invention. 



, In Vitro Qo.25 
Sustained Release < 200 
Dissolution Criteria 



"V : Solids '. 

Coating Qo.25 

13A 23.1 



TABLE 13-1 



Q1 

< 500 



QisA 



Q2 Q4 Q6 

£1,000. S 1;500 £2,000 



Q2 
maA 

160 



04 

ma* 



Qe 

238 



Initial Dose 
Tested : 
maAm 

250 mgA 
Capsule 




Fv ample 14 ■ 

This example illustrates a , - 

azithromycin hydrophilic matrix tablets which release azithromycin at 
10 different rates depending on their composition. The process compnsed (1) 
blending all components except for magnesium stearate; (2) screening and 
reblending the same components; (3) adding and blending magnesium 
stearate; and (4) compressing the final blend into tablets. ^ 
In batch sizes of 150 grams, azithromycin was shaken for about 15 
15 minutes in a suitably large jar with ail other components except magnesium 
stearate using a Turbula shaker system (Basel. Switzerland). Next, the 
blend was passed through a 40 mesh sieve and shaken again for ten 
minutes. Theni magnesium stearate was added and the blend was shaken 
for five minutes. Using a Manesty type F press (Manesty Machines, 
20 Liverpool, England) , the final blend was compressed into tablets using . :. 
either 13/32 inch standard round concave (SRC) punches for Examples 14A 
throU g h Ul or 3/4 inch standard round flat faced punches for Examples 14J 
and UK. A summary of compositions of Examples 14A through 14K is v 
shown in Table 1 4-1 . 
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• TABLE 14-2 
ftnstain d Rft ^se HvdroDhilic Matrix Tabl 



V In Vitro 
Sustained R lease 
Dissolution Criteria 



EUiDfie 

7 -7-8 A V- 



SB 



8C 



8D 



Q0.25 
i 200 



Q0.25 



80 



88 



Qi .. Q2 

: S 500 <1 f 000 



Q2 
(ma A) 



Q4 
£1,500 



cu 



Q 6 
£2,000 



Q 6 

(maA) 



Initial Dose 
Tested 



37 




69 


85 


Tablet 
250mgAm 


42 




92 


111 


Tablet 
250mgAm 




69 


105 


124 


Tablet 
250mgAm 




113 


158 


200 


Tablet 
250 mgAm 


■i a fl 
. 1 ■#© 


1 1 3 


236 

A W V 


249 


Tablet 
250 mgAm 




52 


mm mm 


94 


Tablet 
250 mgAm 




51 


■ a « • • 


91 


tablet 
250 AigAm 




167 


218 


233 


Tablet 
250 mgAm 




100 


135 


150 


tablet 
250 mgAm 


201 


276 


413 


481 


Tablet 
1000 mgAm 


144 


183 


245 


290 


tablet 
1000 mgAm 



; • Thi S example illustrates a process for making multiparticulates for use 
Tin making delayed-reiease dosage forms designed to release azithromycin 
predprninantly below the duodenum. The process comprised (1 ) preparing 
■ ; uncoated azithromycin multiparticulate cores; (2) applying a first, sustained- 
id ^release coating over the cores; and (3) applying a second . pH-sensitive, ■■ ■ 
^ delayed-reiease coating over the firet coat. This example further iilust 
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TABLE 15-1 



In Vitro Delayed Release Dosage Test 
Dissoiuti n Criteria 



E&gmpJ^ 

15A 
15B 



15C 



Formulation 
C w mP9 altlon (%Y 



Qo.25 Q 0.5 

S 10 % S Qo.25 * 10 % 

Initial 

Q s Qo 5 D s 

i^gid^s^ (PMffer stpqe) imsAml 



immediate-Release Capsule 81 % 



43.6 % 
4* % 
32.0 % 

^ 12.3 % 
6.2 % 
1.5 % 



Sustained + Delayed- 
Release Multiparticulate 

azithromycin 

Opadry® Solids 

Surelease ® Solids 

Eudraglt® Solids 
Talc 

Trlethyl Citrate 



Sustained + Delayed- 
Re lease Multiparticulate 

azithromycin 
Opadry® Solids 
Surelease® Solids 
Eudraglt® Solids 
Talc 

Trlethyl Citrate 



42.2 % 
4.2 % 
19.9 % 
20.8 % 
10.4 % 
2.5 % 



0.6 % 



0.5 % 



98 % 



0.7 % 



250 



250 



250 



; V Fyamole 16 

5 ; ; This example illustrates a process for making sustained release 
azithro matrix tablets which release azithromycin at 

different ratei depending on the extent of surface coating coverage by an 
: aqueous insoluble polymeric barrier material as well as the composition of 

th£ hydrophilic matrix tablet core, 
id Tablet cores were made first by shaking (Jurbute System) in a 

suitable size jar for about 15 minutes the following: 105 g azithromycin, 15 g. 
hydraxypropyl methylcellulose (HPMC, Dow Methocel® E4M-CR) and 
27 75 g microcrystalline cellulose (Avicel PH-102, FMC Corp.). The 
v ^ was then passed through a 40 mesh sieve and shaken lor , 

15 teW additional minutes. Then, 2.25 g of magnesium stearate was added and 

the mixture shaken for five minutes. Using a Manesty type F press 
% fitted standard round concave (SRC) punches, the final — ■ 

bl^hd was impressed into tablet cores. 



Tablet cores were made first by shaking (Turbula System) for about 
15 minutes in a jar 105 g azithromycin, 15 g. hydroxypropy! methylcellulose 
l[HPMC, Dow Methbcel® E4M-CR) and 27.75 g microcrystalline cellulose 

i ^Avicel PH-102, FMC Corp.). This blend was then passed through a 40 . 

5 %Tiesh: sieve and shaken for ten minutes. Then, 2.25 g of magnesium stearate 
was added and the mixture was shaken for five minutes. Using a 

■ ^ round concave (SRC) 

punches, the final blend was compressed into tablet cores. 
- A delayed-release coating suspension containing 12.3 % 
10 methacrylic acid copolymers (Eudragit® L 30 D-55), 6.2 % talc; 

1;5% triethyl citrate and 80 % water was prepared and applied as a 10 % 
: coating, using an HCT-30 Hi-Coater (Vector-Freund) to spray the solution 
: onto the matrix tablet cores, Because the coating is soluble in environments 

where the pH is greater than 5.5, the tablets thus prepared release 
15 azithromycin from the hydrophilic matrix tablet cores below the stomach 

where the pH is greater than 5.5, and the cores do so in a sustained manner 

thai delivers azithromycin predominantly below the duodenum. 

Fxample 18 \ 
20 This example illustrates a process for making an osmotic 

azithromycin sustained release tablet with a bilayer (two compartment) core 
surrounded by a semipermeable membrane with a passage through its 
surface One tablet core layer has an osmotically effective composition 
containing azithromycin and the second tablet core layer contains an 

25. expanding hydrogel. 

The first tablet core layer material was prepared by Turbula blending 
for about 15 minutes 70 g polyethylene oxide having a molecular weight of 
5 000 000 (Polyox® Coagulant), 23 g sodium chloride and 5 g 
^ hydrbxypropyl methylcellulose (Dow Methocel® E4M) in a jar. The contents 
30 "Were passed through a 60 mesh sieve and collected in a jar. Then, 2 g of 
magnesium stearate were added and the mixture Turbula blended for 5 

^minutes. .■ 
... The second tablet core layer material containing azithromycin was 

/ prepared by Turbula blending for about 15 minutes 50 g azithromycin. 150 g 

; 35 polyethylene o»de having a molecular weight of 100,000 (Polyox® N-20. 

Union Carbide Corp., Danbury. GT) and 10 g hydroxypropyl 

'f : : methylcellulose (Dow Methocel® E4Mj in a jar. The contents were passed 
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; : / ground the tablet core which is permeable to water and impermeable to 
azithromycin and other tablet core excipients. . 

Next, different diameter passageways from .008 inch to 0.020 inch 
- diameter were mechanically drilled through the top of the semipermeable ; .. v 
5 wall connecting the exterior of the tablet with the tablet core contain.ng the 
azithromycin. ' ", 

Fxample 20 

This example illustrates a process for making multiparticulates for use 
10 in making delayed-release dosage forms designed to release azithromycin 
predominantly below the duodenum, the process comprises (1) prepanng 
uncoated azithromycin multiparticulate cores; (2) applying a first, sustained- 
^a^e diffusion barter cbating over the cores; and (3) applying a second , 
pH-sensitive , delayed release coating over the first coat. 
15 Azithrpmycin-containing multiparticulate cores are prepared by 

blendmg azithromycin compound with microcrystalline cellulose (Avicel® 
PHIOI . FMC Corp:. Philadelphia, PA) in relative amounts of 95:5 (w/w), wet 
massing the blend in a Hobart mixer with water equivalent to approximately 
27 % of the weight of the blend, extruding the wet mass through a 
20 perforated plate (Luwa EXKS-1 extruder, Fuji Paudal Co.Osaka Japan), 
, spheronizing theextrudate (Luwa QJ-230 marumerizer, Fuji Paudal Co.) 
and drying the final cores which are about 1 mm diameter. 

-Next, a Wurster bottom spray fluid bed processor (Glatt GPCG-1) is 
v used to coat the uncoated azithromycin-containing multiparticulate with a 
25 diffusion barrier coating. A plasticized ethylcellulose (Surelease®) coating 
suspension diluted to 1 5% solids is sprayed onto the core particles. 
Typically, a 5 % to 20 % diffusion barrier coating is applied. The amount of 
§ v parrier coating applied determines the rate of azithromycin release from the 

uncoated core. ' ' ^ . •■■ 

v 30 |^^^^ spray fluid bed processor (Glatt GPCG-1) is 

used to apply a delayed release coating over the diffusion barrier coated 
S particles. Typical delayed release coating levels are 25 % to 50% in order 
- to be sure that the delayed release dissolution criterion are met. The 

delayer-release coating is a suspension containing 1 2.3 % methacrylic 
35 :acid copolymers (Eudragit® L 30 D-55), 6.2 % talc, 1 ,5 % triethyl citrate 

;and 80 % water. 



applied in conventional equipment: The rate of release of drug from the 
coated beads is dependent on the amount of coating applied. 

Drug-containing beads are prepared by blending azithromycin 
fumarate with microcrystalline cellulose (Avicel® CL 61 1 . FMC) in relative ; 

5 amounts of 95:5, wet-massing the blend in a Hobart mixer with water until a 

; i dough is obtained, extruding the wet mass through a perforated plate (Luwa 
^extruder), and spherbnizirig the extrudate (Luwa spheronizer). The beads so; 

• prepared are dried and coated in an Aeromatic Strea-1 benchtop Wurster 
coater (batch size 100g). The coating solution is prepared by dissolving 36g 

10 cellulose acetate (Eastman CA 398-10), 7.9g polyethylene glycol) (PEG 
400), and the required amount of sorbitol in a mixture of methylene chloride, 
methanol and water (15:10:1) sufficient to bring the polymer concentration to 
about 2%. The coating is applied in the fluidized bed until the desired 
thickness is obtained; the following compositions give sustained-release of 

15 azithromycin: 

g»rMt"l lr ) r.n a fm 9 solution noatinq thickness 



20 



25 



3g ^ y V , 


0.01cm 


3g { 


0.02cm 


3g \ 


0.05cm 


3g 


0.10 cm 


eg 


0.01cm 


eg 


0.02cm 


6g • 


0.05cm 


eg 


0.10cm 


I2g 


0.01cm 


I2g 


0.02cm 


I2g 


: 0.05cm 




0.10cm 
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fyample 23 ; . 

v - -This example illustrates the preparation of tablets coated with a 
Amembrane which develops pores when placed in a use environment for 
sustained release Cf azithrom 
35 - - ; Oval-shaped tablets containing 750mg azithromycin fumarate, 100mg 
" sorbitol and 10mg magnesium stearate are prepared by compressing a 



i This example illustrates the preparation of perforated coated tablets 
; /if^&m^ ethylene/vinyl acetate coating which deliver azithromycin 

5 from a central hole. 

Tablets containing 750mg azithromycin fumarate and 100mg 

hydrbxyprbpylmethylcellulose (Dow Methocel K100LV) are prepared by 
; compressing a mixture of the powders on a Carver press using a standard 

round die and round flat-faced punches of 1.3cm diameter. The tablets are 
10 coated by dipping into a solution containing 1 0% ethylene vinyl Acetate 

(Aldnch Chemical Co.) in methylene chloride. The coated tablets are further 

dried at 50°C overnight; A 2mm hole is then drilled through the center of 

each tablet to yield a sustained release dosage form. 

15 ; Fx^mple 27. y ; ■ ^./^ , 7 • 

This example illustrates preparation of perforated coated tablets 

which utilize a geometric approach to linearizing the release of 
azithromycin. 

Tablets are prepared as in Example 26, except that conical punches 
20 are used to give a tablet increasing in thickness from the center outward at 
an angle of 30°. These tablets are completely coated by dipping into a 
solution of 20% cellulose acetate (Eastman CA 398-10) in acetone. The 
tablets are allowed to air dry, then are dried at 50° overnight. As before, a 
W 1mm hole is drilled through the center of the tablet to yield a sustained- 
25 release dosage form 

fyample 28. , „ • ' • ' 

/ ^ '' - -This" example illustrates preparation of hemispherical pellets having 

hole in the center of the flat face. . ^. ■ • 

30 Azithromycin dihydrate and polyethylene (PEP-31 5, Union Carb.de) 

powder are each passed through a 60 mesh screen before use. The 
following blends are prepared: 
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fxampje 29. 

: This example illustrates the preparation of coated cylindrical tablets 
or boluses which deliver azithromycin through slits cut in the periphery of the 

coating. '• r' 

A bjend of azithromycin is prepared with 10 /o HPMC and 2 /o 
magnesium stearate and compression-molded into cylinders of 1 cm arid 2 
cm diameter. The length of the cylinders is dependent on the amount of 



diameter 
10 1 cm 


amt of blend 
19 


amt of azrthromvcin 


length 


880 mg 


1.3 cni (approx) 


1 cm 


2 J f ■ 


1760 mg 


2.6 cm 


/" Tern 


3g 


2640 mg 


3.9 cm 


;2cm 


3g •••>;•;;. 


• t i 

2640 mg 


0.84 cm 


: : : 2 cm C 


6g 


5280 mg 


: 1.7 cm 


15 2 cm 


12 g 


10560 mg 


3.4 cm 
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(Dow EC S-100) by dipping into a solution of 20% EC in acetone and dried 
at 50°C overnight. A sharp blade is then used to cut four equidistant 
longitudinal slits, approximately 0.5mm wide, along the periphery of each 
20 cylinder to yield sustained-release dosage forms. These larger dosage 
forms are especially useful for treatment of animals, especially ruminants, 
: which can retain the dosage forms in the rumen for a prolonged period of 
time. ' r\: vV"'" '• '. ' 

25 Fxample 30. 

This example illustrates the preparation of a delivery system 
consisting of a porous hydrophobic membrane capsule with an osmotic 
"push" compartment to drive a piston acting on any dispensable 
azithromycin drug composition. 
30 :A porous hydrophobic membrane capsule is prepared by the 

following procedure: 

First glucose is milled to a 230 mesh screen size. The milled glucose 
■r< S(15g) is then mixed with poly(d,l-lactide) (35g, 200,000 avg. mol. wt.) and the 
^ mixture is blended and milled. A quantity (1 .1 5g) of the resulting particles is 
35 then piaced in a transfer mold where the particles are molded in the form of 
a membrane cup with an open end, The dimensions of the membrane cup 
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in a final coating polymer weight, after drying, of 20 wt%, relative to the 
weight of the uncbated tablet bed. 



Table 31-1 
Azithromycin Tablet Core Formulation 



COMPONENT 
Azithromycin dihvdrate' 



Preaelatiriized starch** 



WEIGH T (MG/TABLET1 
524.10 



54.00 



Calcium phosphate dibasic, anhydrous 



277.68 



Sodium crdsearmellose# 



1 &.00 



Magnesium stearate/Sodium lauryl 
sulfate 190/10) 



26.22 



TOTAL 



900 



10 



Based on a theoretical potency of 95.4%. 
Starch 1500 
# Ac-Di-Sbl (FMC Corp.). 



Example 32, 

.. This example illustrate the preparation of a pH-Dependent CAP- 

Coated tablet with Barrier Coat. 
15 Azithromycin tablets are manufactured as described in Example 31 . 

Tablets are spray coated with a solution of hydroxypropylmethylcellulose 
; (HPMC; Colorcon, Inc.) in water, using a HCT-60 Hi-Coater. In this manner, 

tablets are coated with a 5 wt% barrier coat of HPMC, relative to the initial 

tablet weight. Tablets are then further spray-coated with cellulose acetate 
20 phthalate (CAP) and DEP plasticizer (as described in Example 31), in the 

HCt-60 Hi-Cbater. Sufficient CAP is sprayed onto the tablets to result in a 
1 final coating polymer weight, after drying , of ^0 wt%, relative to the weight of 

the uricoated tablet. The HPMC coat serves as a barrier between 

azithromybin arid the pH-sensitive CAP coat. This barrier coat prevents 
25 premature dissolution (or weakening) of the CAP coat, e.g., in the low pH 
Vj; environment of the stomach, potentially caused by a iocally high pH in the 

tablet interior due to the presence of azithromycin. 



; : Azithromycin tablets are manufactured according to Example 31 . 
Tablets are spray coated with a solution of hydroxypropylmethylcellulose 
(HPiyiC) (Colorcdn, Inc.) in water, using a HCT-60 Hi-Coater. In this manner, 
■ tablets are coated with a 5 wt% barrier coat of HPMC, relative to the initial 

5 tablet weight. Tablets are then spray-coated with an acryljc resin in an 
HCT-60 Hi-Coater® spray-coating apparatus (Freuhd Industries Corp, 
Tokyo), the resin consists of a i :1 (w/w) mixture of Eudrag'it-L® and 
Eudragit-S®, which are methacrylic acid/methyl methacrylate copolymers, 
provided by the R6hmPharma Corporation (Darmstadt, Germany). The 

10 formula for the spray coating solution is given in Table 33-1 . The Eudragit- ; 
us Primary Layer coating formulation is sprayed on the tablets in the Hi- 
Coater, followed by spray-coating with the Covering Layer formulatipri: The 

" • total acrylic resin polymer weight applied is 15% of the weight of the 
uncoated tablet bed. The HPMC undercoat serves as a barrier between 

15 azithromycin and the pH-sensitive acrylic resin coat. This barrier coat 

prevents premature dissolution (or weakening) of the acrylic resin coat, e.g., 
in the low pH environment of the stomach, potentially caused by a locally 
high pH in the tablet interior due to the presence of azithromycin. 

Example 35. ■ 
20 this example illustrates the preparation of Azithromycin Tablets with 

a Double Delayed Release Goat. 

y Azithromycin tablets are manufactured according to Example 31. 
Tablets are spray coated with an aqueous mixture of ethylcellulose (EC) 
(Surelease; Cpjorcoh Inc.) and hydroxypropylmethylcellulose (HPMC) 
25 (Opadry®; Colorcon Inc.) at 70/30 EC/HPMC, using a HCT-60 Hi-Coater®. 
In this manner, tablets are coated with a 5 wt% coat of EC/HPMC, relative to 
the initial tablet weight. Tablets are then spray-boated with an acrylic resin 
in an HCT-60 Hi-Coater® spray-coating apparatus (Freund Industries Corp., 
Tokyo). The resin consists of a 1 :1 (w/w) mixture of Eudragit-L® and 
30 Eudragit-S®, which are methacrylic; acid/methyl methacrylate copolymers, 
S available from RohmPharma Corporation (Darmstadt, Germany). The ; : 
formula for the spray coating solution is given in Table 33-1. The Eudragit- 
; US Primary Layer coating formulation is sprayed on the tablets in the Hi- > 
Cpateri followed by spray-coating with the Covering Layer formulation. The 
; 35 iota) acrylic resin coating polymer weight applied is 10% of the weight of the 
L uncoated tablet bed. 
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Azithromycin/microcrystalline cellulose beads were prepared as in 
Example 36: In a Glatt GPCG-1 Fluid Bed Processor, these beads are 
coated with an aqueous solution of HPMC (Opadry®, Colorcon. Inc.). The 
final dry HPMC barrier coat comprises 5% of the weight of the uncoated 
beads. The HPMC-coated'azithromycin beads are then coated with a 25°/ 
(by weight) coat of acrylic resin as described in Example 36. The HPMC 
undercbat serves as a barrier between azithromycin and trie pH-sensttive 
acrylic resin coat. This barrier coat prevents premature dissolution (or 
weakening) of the acrylic resin coat, e.g., in the low pH environment of the 
stomach, potentially caused by a locally high pH in the tablet interior due to 
the presence of azithromycin. 



^ 6. A dosage form as defined in claim 5, wherein said matrix comprises 
hydroxypropyl methylcellulose. 

5 7. ^ : A dosage form as defined in claim 5, wherein said matrix comprises 
tiydroxypropyl cellulose. 

;-; : ^r.:8. ; A dosage form as defined in claim 5, wherein said matrix comprises 
poly(ethylene oxide). 

9. A dosage form as defined in claim 5, wherein said matrix comprises 
; polyacrylic acid. 

; ;10. : A dosage form as defined in claim 2 f comprising a rese^^^ 
15 azithromycin encased in a membrane which limits the release rate of 
azithromycin to^ said Gl tract by diffusion. 

11y A dosage form as defined In claim 10, in the form of a tablet coated 
with a membrane. Ov - : 

12. A dosage form as defined in claim 2, in the form of a multiparticulate 
^comprising particles each of which lis coated with a membrane which limits 
: the release rate of said azithromycin by diffusion. 

25 1 3^ A dosage form as defined in claim 3, wherein a portion of the 
otitside surface of said matrix is covered with an impermeable coating and 
the remainder of said outside surface is uncovered. 

14. A dosage form as defined in claim 13, substantially in the shape of a 
36 cylinder wherein said impermeable coating covers one or both of the 
opposing flat surfaces thereof. 

v 15^ A dosage form as defined in claim 13, substantially in the shape of < 
cylinder wherein said impermeable coating covers only the radial surface 

35 ; thereof^ . . 
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; 23. A process for preparing a multiparticulate dosage form of 
azithromycin comprising the steps of: 

a) granulating azithromycin bulk drug substance with a binder to obtain a 
granulation having an average particle size from about 50 to about 300 p.M; 
5 b) substantially immediately thereafter coating the granulated azithromycin 
with a sustained release membrane-forming material in an amount of about 
5 to 30% of the total weight of the coated product; and 
c) thereafter further coating the product of said step (b) with additional 
polymer until the total amount of polymer coating is from aboui 25% to about 
10 70% of the total weight of the coated product. 

24, - • A process as defined in claim 23, comprising the additional step of 
coating the product of step (c) with a pH-sensitive polymer which is soluble 
at a pH > 6, but insoluble at a pH < 4. 

: ; 25^ .\ A process as defined in claim 24, wherein the sustained-release 
polymer is ethylcellulose and the pH-sehsitive polymer is a copolymer of ; 
methac acid and methylmethacrylate or cellulose acetate phthalate. ^ 

20 26. A dosage form for oral administration comprising azithromycin arid a 

pharmaceutically acceptable carrier, which releases not more than 10% of 
>v ife incbipbnated azithromycin into a mammal's stomach, and which releases 

V hot more than ah additional 10% during the first 15 minutes after entering 

\ said mammal's duodenu 

i2^ as defined in claim 26, wherein said mammal is a 

humari; . : . •'. ; . . • . 

..y ■ 28. ; ■ ■ A dosage form as defined in claim 26, in the form of a tablet. 

: ^-29J A dosage form as defined in claim 26, comprising a multiparticulate 
i ^ between about 0.5 mm and about 3 mm. 

v ^30. A dosage form as defined in claim 26, comprising a a 
35 y : mUltiparticul^e h^ihig a diameter between about 0.1 and about 6.5 mm. 
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38. A dosage form as defined in claim 29, said multiparticulate further 
comprising one or more osmagents, said multiparticulate being surrounded 
by a semipermeable membrane that is permeable to water and substantially 
impermeable to azithromycin and osmagents. 

39. A dosage form as defined in claim 28, further comprising at least 
one swellable material, said tablet being surrounded by a semipermeable 
membrahe that is permeable to water and substantially impermeable to 
azithromycin and said swellable material. 

lo v ; '-"'\ -V- " . ■ ' ■::' y : : 

40. A dosage form as defined in claim 29, further comprising at least 
brie swellable material, each of said multiparticulate being surrounded by a 
semipermeable membrane that is permeable to water and substantially 
impermeable to azithromycin and said swellable materials. 

41 . A dosage form as defined in claim 28, comprising: 

a core comprising azithromycin and at least one osmagent; 
a vyiall surrounding said tablet comprising a semipermeable 
membrane which is permeable to water and substantially impermeable to 
20 azithromycin and osmagent; and 

a pH-sensitive trigger means attached to said semipermeable 
membrane for triggering the bursting of the tablet, said trigger means 
; triggering at a pH between 3 and 9. 

25 42. A dosage form as defined in claim 29, said multiparticulate each 
further comprisinjg 

one or more osmagents, each multiparticulate being surrounded by 
a wall comprising a semipermeable membrane which is permeable to water 
and substantially impermeable to azithromycin and osmagent; and ■ 
30 a pH-sensltive trigger means attached to said semipermeable 

membrane for triggering the bursting of the multiparticulate said trigger 
means triggering at a pH between 3 and 9. 

:;43. An aizithf6mycin dosage form as defined in claim 41 , wherein said 
35 core further comprises iat least one swelling material. 
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a hydrophobic liquid entrained within said membrane, said hydrophobic 
liouid being substantially impermeable to water and azithromycin, but being 
! capable of changl ng to become substantially permeable to water and 
azithromycin. 

■;:'"5;v:fy'... y \;- />• y. • . y '. . " ; r; . ;■; 

Ah azithromycin-containing dosage form as defined in claim 28, 

irofnprisihg: 

' ; ^ a cord compri^ng azithron^in and at least one swelling material and/or 

at least one osmagent; 
10 ' a membrane surrounding said tablet core Wherein said membrane is 

substahtially impermeable to azithromycin and labile to enzymes produced 
; by bacteria which inhabit the colon. 

50. An azithromycin-containing dosage form as defined in claim 29, 
15 comprising: 

a core comprising azithromycin and at least one swelling material and/or 

at least one osmagent; 

a membrane surrounding said multiparticulate core wherein said 
membrane is substantially impermeable to azithromycin and labile to 
20 enzymes produced by bacteria which inhabit the colon. 

51. An azithromycin-containing dosage form as defined in claim 49, 
wherein said membrane comprises a polymer comprising at least one 
ethylenically unsaturated monomer crosslinked by a substituted or 

25 unsubstituted divinylazoberizene. 

52. An azithromycin-containing dosage form as defined in claim 50, 
wherein said membrane comprises a polymer comprising at least one 

• ethylenically unsaturated monomer crosslinked by a substituted or 
30 unsubstituted divinylazobenzene^^ 

5$. An ^ithfqmycin-containing dosage form as defined in claim 49, 
^ wherein said membrane comprises at least one polysaccharide. 

35 54. An azithromycin-containing dosage form as defined in claim 50, 
wherein said membrane comprises at least one polysaccharide. 
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; 6d. A dosage form as defined in claim 2 in the form of a coated tablet 
: '.^ : mbrfkng-^«^r^lu'ble salt of azithromycin, said tablet having a water- 
permeable coating which is substantially impermeable to azithromycin arid 
substantially nori-porous, said coating containing one or more perforations 

5 6r passageways, for exposing the interior of the tablet to a use environment. 

• 61. A dosage form as defined in claim 2 in the form of a coated tablet 
comprising azHhrornycin, said tablet having a porous coating which permits 
transport of both water and azithromycin through said porous coating. 

10 J\\ .'; ,■■ \ ■ ■ - .('.-. ■ '"' ■'■'"'"■[ ■ 

62. A dosage form as defined in claim 2 in the form of a coated 
multiparticulate formulation wherein each particle comprises azithromycin 
and has a porous coating which permits transport of both water and 
;\Va^hromycin through said porous coating. 

63: A dosage form as defined in claim 1, wherein said azithromycin is 
embedded in a matrix, which releases said azithromycin by diffusion. 

; 64^ ^ A dosage forrrt as defined in claim 1 , comprising a reservoir of. 

20 azithrbm^ 

azithromycin to said Gl tract by diffusion. 

65. A dosage form as defined in claim 1, in the form of a multiparticulate 
comprising particles each of which is coated with a membrane which limits 

25 the release rate of said azithromycin by diffusion. 

66. A method of treating a mammal with azithromycin with a reduced 
' incidence of gastrointestinal side effects relative to a bolus oral dose, said 

method comprising dosing an azithromycin-containing dosage form as 
30 defined in claim 1 . 

67. A method of treating a mamma! with azithromycin with a reduced 
incidence of gastrdintestinaiside effects relative to a bolus oral dose, said 

^method comprising dosing an azithromycin-containing dosage form as ; 
35 defined in claim 26. 
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Box I Observations where certain claims were found unsearchable (Continuation or item I of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 



I. 



because tfiey relate to subject matter not required to be searched by this Authority, namely: 

Remark: Although claims 22,56,66-67 are directed to a method of treatment of 

the human body by therapy (Rule 39.l(1v)PCT) the search has been carried f ou 
t and based on the alleged effects of the composition. 

becaw^hey relate to parts or the international application that do not comply with the prescribed requirements to such 
an extent that no meaningfulinternational search can be carried out, specifically: 



I. |~] Claims Nos.: 



because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 
This International Searching Authority found multiple inventions in this international application, as follows: 



j # as all required additional search fees were timely paid by the applicant, this international search report covers all 

searchable claims. 

2. | | as all searchable claims could be searches without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. 11 as only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos.: 



t. | | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
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[ | The additional search fees were accompanied by the applicant's protest. 
| | No protest accompanied the payment of additional search fees. 
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